X-ray photoelectron spectroscopy (XPS), magnetization and magnetic susceptibility of Mn 1− Al Ni 3 ( = 0.0, 0.2, 0.4, 0.5, 0.6, 0.7) alloys are reported. X-ray diffraction measurements showed that all investigated samples have the same crystallographic structure as the parent compound (AuCu 3 -structure type). The alloys are disordered for ≤ 0 5, but become almost crystallographically ordered for higher Al concentration. This change in the crystallographic order is reflected both in the magnetization and Curie temperature values. The exchange interaction is ferromagnetic between the pairs of the near-neighbour Mn-Ni and Ni-Ni magnetic moments and antiferromagnetic for Mn-Mn pairs. The last one is present only in the disordered alloys, which leads to smaller values of the magnetization of these alloys in comparison with the ordered ones. The Mn magnetic moment has the fully ordered value of 3.2 µ B in all investigated alloys. The decrease of the Ni magnetic moment as the Al concentration increases may be explained by the hybridization of the Ni 3d and Al 3sp states, which leads to a partial filling of the Ni 3d band. The magnetic susceptibility measurements pointed out the existence of spin fluctuations on Ni sites. 71.20.Lp, 75.20.Hr, 75.30.Cr, 
Introduction
The problem of local moments confined to the transition metals (T ) sites, i.e., localized behaviour in some aspects of itinerant electrons, is one of the most important issues in the physics of the magnetic alloys and intermetallic compounds [1] . It was found experimentally that under atoms [4] . On the other hand, the strength and the sign of the interaction between the neighbouring local moments are determined by the occupation fraction of d-orbitals and the orientation of these orbitals in the lattice [5] . By alloying with other elements, the vicinity of the transition metal atom changes. This leads to structural modifications with remarkable variations in the electronic structure and magnetic properties of the parent compound. The compounds MnNi 3 and AlNi 3 are isostructural and crystallize in the AuCu 3 structure type. They form solid solutions in the whole range of concentrations. Earlier studies have shown that the crystallographic disorder degree of MnNi 3 , defined as the ratio between the Ni sites occupied by the Mn atoms and total number of Mn atoms in the lattice, depends on the preparation method and thermal treatment [6] . The magnetic properties of MnNi 3 are strongly influenced by the disorder degree, e.g., the Curie temperatures of ordered and disordered MnNi 3 have the values: 770 K and 132 K, respectively [7, 8] and the values of the magnetizations are quite different. In the disordered MnNi 3 compound, since the near-neighbour Mn-Mn interactions are antiferromagnetic, a number of Mn magnetic moments do not contribute to the magnetization. As the compound becomes ordered, the ferromagnetic Mn-Ni interactions are dominant and an increase in the magnetization is observed. A fully ordered MnNi 3 compound was obtained only after a thermal treatment of 32 days in the 673 K -828 K temperature range [9] . The magnetic properties of AlNi 3 have been of considerable interest since the compound was reported as a Stoner-Wohlfarth weak-itinerant ferromagnet, with T C = 41.5K [10] . The magnetic properties of Mn 1− Al Ni 3 alloys have been studied only for a limited range of Al concentration, namely for ≥ 0 7 [11, 12] . The investigated samples were crystallographically ordered after a thermal treatment at 1323 K for 2 days [12] and at 1123 K for 24 h [11] , respectively. It was shown that Al replaces Mn in the crystallographically ordered Mn 1− Al Ni 3 alloys. There is no systematic investigation concerning the magnetic behaviour of the MnNi 3 -AlNi 3 solid solution system in correlation with XPS measurements.
The aim of this paper is to extend the magnetic measurements on samples with smaller Al concentration, ≤ 0 7, to correlate the magnetic data with XPS spectra and to study the effects of substitution of Mn by Al in MnNi 3 on the crystallographic order.
Experimental
Six samples from the Mn 1− Al Ni 3 system ( = 0.0, 0.2, 0.4, 0.5, 0.6, 0.7) were prepared by the argon arc melting method. The samples were melted repeatedly (at least four times) in the same atmosphere to ensure homogeneity. The weight loss of the final samples was found to be less than 1%. The purity of starting materials was 99.999% for Al and 99.99% for Mn and Ni. In order to study the influence of Al on the crystallographic order, no thermal treatment was made after the cooling of the samples. X-ray diffraction (XRD) measurements were performed on polished surfaces using a Bruker D8 Advance diffractometer, due to the hardness of the samples. All the investigated alloys are single phase with the same structure type as the parent compound MnNi 3 (Fig. 1a) . The lattice parameters, estimated using the Powder Cell program, decreases monotonically with Al concentration from = 3.5854 Å for MnNi 3 to = 3.5770 Å for Mn 0 3 Al 0 7 Ni 3 ( Fig. 1b) . The lattice parameter of MnNi 3 is very close to that reported in literature [13] . The magnetization measurements were performed using a vibrating sample magnetometer in the temperature range 4 K -850 K and fields up to 9 kOe. The variation of the magnetic susceptibility with the temperature was obtained using a Weiss balance in the 300 K -700 K temperature range. The XPS spectra were recorded using a PHI 5600ci ESCA spectrometer with monochromatized Al K α radiation at room temperature. The pressure in the ultra-high vacuum chamber was in the 10 −10 mbar range during the measurements. The samples were cleaved in situ. The surface cleanness was checked by monitoring the O 1s and C 1s core levels in the survey spectra.
Results and discussions

XPS measurements
To illustrate the quality of the samples, Fig. 2 shows the survey spectrum of Mn 0 5 Al 0 5 Ni 3 alloy with the identification of core levels and Auger lines. Contamination is almost absent. XPS valence band spectra of the Mn 1− Al Ni 3 alloys and pure Ni are shown in Fig. 3 . For Al K α radiation, the Ni 3d cross section is about four times larger than the Mn 3d cross section [14] . Also taking into account the ratio between the contents of Ni and Mn in the alloys, one can say that the valence-bands of Mn 1− Al Ni 3 alloys are dominated by the Ni 3d states, which are preponderant at the Fermi level as in metallic Ni. The Mn 3d states are concentrated at the bottom of the valence band in the region around the 3 eV binding energy, as was found experimentally, and proved by band structure calculations in many alloys and intermetallic compounds based on Mn [15] [16] [17] . The XPS valence band spectra of The Ni 2p XPS spectra of pure metallic Ni and investigated alloys are shown in Fig. 4 . As in the case of pure metallic Ni, the Ni 2p core level spectra of Mn 1− Al Ni 3 alloys exhibit satellite structures at about 6.5 eV higher binding energy as evidence for unoccupied 3d states. The observation of satellites implies the presence of d character in the unoccupied bands. The decrease of the Ni 2p Ni satellite intensities confirms the partial filling of the Ni 3d band by the hybridization with the Al 3sp states.
Magnetic measurements
The temperature dependence of the spontaneous magnetization of Mn 1− Al Ni 3 alloys is shown in Fig. 5 . The values and variations of magnetization with magnetic field and temperature suggest that alloys with ≤ 0 4 have a ferrimagnetic behaviour and for ≥ 0 5 a ferromagnetic behaviour, below the corresponding Curie temperatures, determined from the usual Arrot plots. Fig. 6 shows the temperature dependence of the reciprocal susceptibility of Mn 1− Al Ni 3 alloys in the paramagnetic state. In the high temperature range the magnetic susceptibilities of all investigated samples obey the Curie-Weiss law, χ = C /(T − θ). The magnetic susceptibility of ferrimagnetic materials follows a Néel-type hyperbolic law. However, the high temperature asymptote to the hyperbola is of Curie-Weiss form. The transition Curie temperatures, the paramagnetic Curie temperatures and magnetic moments both in the ordered and paramagnetic state are given in Table 1 . In Fig. 7 , the values of the Curie temperature, T C and paramagnetic Curie temperature, θ, obtained in the present work are plotted together with the values of T C from earlier magnetic measurements versus Al content for Mn 1− Al Ni 3 alloys. There is a good agreement between our results concerning the Curie temperatures, T C , for ≥ 0 5 and those reported earlier on crystallographically ordered samples. On the other hand, the Curie temperatures for < 0 5 are smaller than the expected values for ordered alloys (the upper broken line in Fig. 7 ). These re- sults suggest an increase in the crystallographic ordering of Mn 1− Al Ni 3 alloys as the Al content increases. The monotonic decrease of T C with Al concentration in the ordered state may be explained by the reduction of the number of ferromagnetic Mn-Ni pairs. On the contrary, in the disordered state T C increases with Al content due to the decrease in the number of antiferromagnetic MnMn pairs. The paramagnetic Curie temperatures, θ, for ordered alloys are higher than the transition Curie temperatures, T C , as is expected for a ferromagnet, while in the disordered state, θ < T C , is characteristic of ferrimagnetic behaviour. The inequality > between the numbers of spins per Ni atom in the paramagnetic state, , and ordered magnetic state, , is valid for all investigated alloys and the ratio / decreases with the Al content. We may explain the contribution of Ni atoms to the measured susceptibility in Mn 1− Al Ni 3 alloys in terms of the selfconsistent renormalization theory of spin fluctuations [18] . This theory has revealed that only a small-q part of the wave-number-dependent susceptibility, χ , contributes to the temperature dependence of χ in nearly ferromagnetic metals (exchange-enhanced Pauli paramagnets). The average amplitude of the local spin fluctuations on Ni sites, S 2 L = 3 B T χ , increases with temperature until it reaches an upper limit determined by the charge neutrality condition. The temperature dependence of χ at low temperatures is the result of the increase of local moments with increasing temperature. The amplitude S 2 L of thermally excited longitudinal spin fluctuations saturates at a certain temperature, T * , above which the susceptibility is governed by local moment type fluctuations and therefore a Curie-Weiss behaviour is observed. The partial filling of the Ni 3d band with the increase of Al concentration leads to a decrease of the spin fluctuations amplitude and consequently a reduction of the ratio / is observed. 
Conclusions
The substitution of Al for Mn in MnNi 3 leads to significant changes in the crystallographic order with remarkable effects on the magnetic properties and electronic structure of Mn 1− Al Ni 3 alloys. The as-prepared alloys are crystallographically disordered for x ≤ 0.5, but the crystallographic disorder degree decreases quickly for higher Al concentration. Aluminium plays an important role in stabilizing the crystallographic ordered structure in Mn 1− Al Ni 3 alloys. XPS spectra and magnetic measurements pointed out the existence of local magnetic moments on Mn and Ni sites in both crystallographically ordered and disordered Mn 1− Al Ni 3 alloys. The hybridization between the 3d Ni and 3sp Al states leads to a partial filling of the Ni 3d band, as indicated by the XPS core level and valence band spectra. The temperature dependence of the reciprocal susceptibility of the investigated alloys may be explained in terms of the self-consistent renormalization theory of spin fluctuations. The effective magnetic moment induced by the spin fluctuations decrease with the gradually filling of Ni 3d band.
